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©&) Preparation of phosphides.

@ Process for the preparation of phosphides, char-
acterized in that phosphides of the general formula
Ri1¢«R1sPM are prepared by the reaction in liquid
ammonia of an alkali metal M with a phosphine of
the general formufa Ri3R14R1sP, in which general
formulae Ris represents a hydrocarbyl group which
may or may not be substituted with polar groups and
containsa _C = € group which is linked to the
phosphorus atom via only ene aliphatic carbon atom,
Rie is an aryl group which may or may not be
substituted with polar groups and Ris represents a
N\ hydrocarby! group which may or may not be substi-
<tuted with po\lar groups, with the proviso that if Ris
containsa _C = C_  group which is linked to the
«= phosphorus atom via only one aliphatic carbon atom,
Y R:s and Ri3 are similar to one another.
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PREPARATION OF PHOSPHIDES

The invention relates to a process for the prep-
aration of phosphides which are eligibie for use as
starting materials in the preparation of
diphosphines. The latter compounds find use as
components in catalyst compositions intended for
the preparation of polymers of carbon monoxide
with one or more olefinically unsaturated com-
pounds.

High molecular weight linear polymers of car-
bon monoxide with one or more olefinically unsatu-
rated compounds {for the sake of brevity referred
to as A) in which the monomer units occur in
alternating order and which polymers therefore
consist of units of the general formuia -(CO)-A'-,
wherein A’ represents a monomer unit derived
from a monomer A used, can be prepared by using
catalyst compositions based upon:

a) a palladium compound,

b) an anion of an acid with a pKa of less
than 6, and

c) a diphosphine of the general formula
Rt1R2P-R-PR3R4, wherein Ri-Rs represent similar
or different hydrocarbyl groups and R is a bivalent
bridging group containing at least two carbon
atoms in the bridge.

Diphosphines which are very suited to be used
as the components c) in the catalyst compositions
are diphosphines in which the groups R:. Rz, Rs
and R« are non-polar substituted aryl groups which
are similar to one another and which therefore can
be represented by the general formula (Rs),P-R-P-
(Rs)2. The preparation of the latter diphosphines
can be carried out either by the reaction of an
alkali metal diary! phosphide (Rs):PM with a dihalo
compound X-R-X, or by the reaction of an aryl
alkali metal compound RsM with a tetrahalo-
diphosphine Xz;P-R-PX2. For instance, 1,3-bis-
(diphenyi-phosphino)propane can be prepared ei-
ther by the reaction of (CeHs):PNa with Cl-(CHz)s-
Cl, or by the reaction of CgHsLi with ClzP-(CHz)s-
PCla. In view of the simple one-stage synthesis
leading to the phosphorus-containing starting ma-
terial for the first method of preparation, viz. by
reaction in iiquid ammonia of an aikali metal M with
a ftriaryl phosphine (Rs)sP, and the very cumber-
some multi-stage synthesis to the phosphorus-con-
taining starting material for the second method of
preparation, the first method of preparation is much
{0 be preferred.

In the past, the Applicant has carried out an
investigation into the above catalyst compositions.
This investigation has shown that their performance
can be considerably enhanced by the incorporation
of a diphosphine of the general formula Re¢RyP-R-
PRgRa, wherein Rs, R7, Rs and Rs represent simi-
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lar or different hydrocarbyi groups which may or
may not be substituted with polar groups, with the
proviso that at 'east one of groups Rs, Ry, Rs and
Ry contains at least one polar substituent, and
wherein R has the meaning given hereinbefore.
Diphosphines which are very suited to be used as
components ¢) in the catalyst compositions are
diphosphines in which the groups Rs., R;. Rs and
Rs are polar-substituted aryl groups which are simi-
lar to one another and which can therefore be
represented by the general formula (Rig)2P-R-P-
(R10)2. Comparison of the performances of cataiyst
compositions containing as component ¢) a
diphosphine of the general formuia (Rs)2P-R-P(Rs )2
with corresponding catalyst compositions contain-
ing as component c) a diphosphine of the general
formula (Rio)2P-R-P(R:15); shows that at similar
reaction rates for both compositions, the composi-
tions having a polar-substituted diphosphine afford
polymers with higher molecular weights and, aiter-
natively, that when the two compositions are em-
ployed for preparing polymers with equal molecular
weights. the compositions containing a poiar-substi-
tuted diphosphine lead to higher reaction rates.

The Applicant has carried out an investigation
into the preparation of polar-substituted
diphosphines of the generai formuia (Ri5)2P-R-P-
(Rio)2. Since neither for the polar-substitu-ted
diphosphines of the general formula (Rio)2P-R-P-
(R1g)2, nor for the non-poiar substituted
diphosphines of the general formula (Rs),P-R-P-
(Rs)2. preparation by reacting an aryl alkali metal
compound with a tetrahalo diphosphine is a very
attractive method on account of the very cum-
bersome multi-stage synthesis of the required
phosphorus-containing starting materials, the inves-
tigation carried out by the Applicant was directed at
the method mentioned eartier for the preparation of
non-polar substituted diphosphines, by reacting an
alkali metal diaryl phosphide with a dihalo com-
pound.

As was stated hereinbefore in the discussion of
the preparation of non-polar  substituted
diphosphines, the phosphorus-containing starting
materials required for the synthesis thereof can be
simply obtained by the reaction in liquid ammonia
of an alkali metal M with a triaryl phosphine (Rs);P.
The investigation has shown that this method is
suited both for the preparation of alkali metal diaryl
phosphides in which the aryl groups bear no sub-
stituents, such as sodium dipheny! phosphide, and
for the preparation of alkali metal diaryl phosphides
in which the aryl groups bear non-polar sub-
stituents, such as methyl groups. Examples of such
alkali metal diaryl phosphides are sodium di(2-
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methyl-phenyl) phosphide, sodium di(3-methyi-phe-
nyl) phosphide and sodium di(4-methyl-phenyl)
phosphide. It was seen that in comparison with the
preparation of sodium diphenyl phosphide from
triphenyf phosphine, in which a quantitative conver-
sion can be reached, the corresponding preparation
of diaryl phosphides whose aryl groups contain one
or more non-polar substituents normally proceeds
at lower vyields, which are, however, still amply
sufficient for this method of preparation to be used
on a technical scale. The investigation into the
application of the above method to the preparation
of alkali metal diaryl phosphides in which the aryi
groups contain one or more polar substituents has
shown that the position which the polar substituents
occupy in respect to the phosphorus atom is of
great importance. it was found for instance that the
formation of the alkali metal diaryl phosphides was
completely suppressed by the presence of certain
polar groups, such as a dialkyl amino-group, in the
para position in respect io phosphorus. The pres-
ence of other polar groups, such as an alkoxy
group, in para position in respect to phosphorus
led to the formation of alkali metal diaryl phosphide
proceeding in a low yield. Likewise, when two or
three polar substituents are present in the aryl
groups, the position in which the polar substituents
are found in respect to the phosphorus atom is of
great importance for the successful preparation of
the alkali metal diaryl phosphide. It has appearsd
for instance that the presence of two alkoxy groups
in ortho position in respect to phosphorus sufficed
for the formation of the alkaii metal diaryi
phosphide to proceed in a low yield, whilst the
presence of an additional third alkoxy group in para
position in respect to phosphorus led to complete
blockage of the formation of alkali metal diaryi
phosphide. Furthermore, when two methoxy groups
were present in ortho and para positions in respect
to phosphorus, there occurred no formation of alkali
metal diaryl phosphide at all. -

It was further found during the investigation
that in some cases the presence of one or more
polar substituents in the aryl groups of the triaryl
phosphine presents no cbstacles to the proceeding
of the alkali metal diaryl phosphides synthesis.
Thus it was found that in spite of the presence of
one methoxy or tert.butoxy group in a position
ortho or meta to phosphorus, the formation of the
alkali metal diaryl phosphide proceeded in high to
very high yields. Even when more than one polar
substituents are present in the aryi groups of the
triaryl phosphine, the synthesis of the alkali metal
diaryl phosphide can proceed in a high to very
high yield. Such a situation presents itself for in-
stance when two methoxy groups occur in the aryl
groups of the triaryl phosphine in the ortho and
meta positions in respect to phosphorus.
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The investigation has shown that on the basis
of their suitability to serve as starting materials for
the preparation of alkali metal diaryl phosphides by
their reaction in liquid ammonia with an alkali met-
al, polar-substituted triaryl phosphines can be di-
vided into two classes, viz.:

I. Polar-substituted triaryl phosphines from
which the corresponding alkali metal diaryl
phosphides can be prepared in high to very high,
sometimes even quantitative, yields, and

Il. Polar-substituted triaryl phesphines from
which the corresponding alkali metal diaryl
phosphides can only be prepared in poor o very
poor yields and sometimes fail to be preduced
altogether. )

The investigation has further shown that with
regard to the positions of the polar substituents in
respect to the phosphorus atom, the above two
classes of polar-substituted triaryl phosphines can
be defined as follows:

. Triaryl phosphines of the general formula
(R11)aP, wherein Ri¢ represents an aryl group con-
taining one or more polar substituents, which pelar
substituents can occupy no other positions in re-
spect to the phosphorus atom than the two meta
and one of the ortho positions, and

li. Triaryi phosphines of the general formula
(R12)aP, wherein Ri2 represents an aryl group con-
taining one or more polar substituents, cne of
which occupies the para position and/or two of
which occupy the two ortho positions in respect to
the phosphorus atom.

Further research carried out by the Applicant
into the preparation of alkali metal diaryl
phosphides of the general formula (R12)2PM by the
reaction in liquid ammonia of an alkali metal M with
a phosphine has now surprisingly shown that alkali
metal diaryl phosphides of the general formula
(R12)2PM can be obtained in considerably higher
yields when the triaryl phosphine of the general
formula (R12)sP which was originally used as the
starting material is replaced by a phosphine of the
general formula (Ri2)2R13P, in which general for-
mula Riy; represents a hydrocarbyl group which
may or may not be substituted with polar groups
and which includes a :C = C: group which is
bound to the phosphorus atom by only one al-
iphatic carbon atom. The investigation has shown
that phosphines in which one of the groups bound
to phosphorus is an Ris group, can be used not
only as starting materials for the preparation of
diaryl phosphides of the general formula (Ri2)2PM
described hereinbefore, but for a much wider range
of applications. For instance, it was found that
diaryl phosphides of the general formula (R11)2PM
can be obtained in high yield by the reaction in
liquid ammonia of an alkali metal M with a
phosphine (R11)2R13P. The phosphines in which
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one of the groups bound to phosphorus s an R:3
group. are also suitable for preparing non-poiar-
substituted diaryl phosphides. Thus, diaryl
phosphides of the generai formula (Rs)zPM can be
prepared in high yield by the reaction in fiquid
ammonia of an alkali metal M with a phosphine of
the general formula (Rs)2R:3P. Besides for the
preparation of phosphides in which the two groups
bound to phosphorus are simiiar aryl groups, the
phosphines in which one of the groups bound to
phosphorus is an R:3 group can also be used for
the preparation of mixed phosphides in which there
occur two different groups bound to phosphorus,
one of which is an aryl group. Thus, phosphides of
the general formula R:RsPM, wherein R: repre-
sents an aliphatic hydrocarbon group and Rs an
aryl group, can be obtained in high yield by the
reaction in liquid ammonia of an aikali metal M with
a phosphine of the general formula R:RsR13P. If
desired, the phosphides can also be prepared by
starting from a phosphine which comprises one
aryl group and two similar groups Ri3. Thus,
phosphides of the general formula RsRi3PM,
wherein Rs represents an aryl group, can be pre-
pared in high yield by the reaction in liguid ammo-
nia of an alkali metal M with a phosphine of the
general formula Rs(R13)2P.

The present patent application therefore relates
to a process for the preparation of phosphides, in
which process phosphides of the general formula
RR:sPM are prepared by the reaction in liquid
ammonia of an alfkali metal M with a phosphine of
the general formula R:3R:2R1sP, in which general
formuia R-3 represents a hydrocarbyl group, which
may or may not be substituted with polar groups,
and includes a _C = CZ group which is bound
to the phosphorus atom by only one aliphatic car-
bon atom, Ris is an aryl group which may or may
not be substituted with polar groups and Ris repre-
sents a hydrocarbyl group which may or may not
be substituted with polar groups, with the proviso
that if R+s includes a _C = CZ  group which is
bound to the phosphorus atom by only one ai-
iphatic carbon atom, Ris and R.3 are similar to one
another.

The phosphides of the general formula
R12R1sPM prepared by the invention are in the first
place intended for use as starting materials for the
preparation of diphosphines of the general formula
R12RssP-R-PR:14R1s, i.e. diphosphines in which the
two groups attached io the one phosphorus atom
are the same as the two groups attached to the
other phosphorus atom. To this end, the
phosphides can be reacted with a dihalo compound
of the general formula X-R-X, wherein X represents
chlorine or bromine. The phosphides of the general
formula R:«R1sPM prepared according to the in-
vention are also suited to be used as the starting
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(9]

mateniai for the preparation of diphosphines of the
general formula R-.R.sP-R-PR:;R.7, wherein Rg
and R:7 represent hydrocarbyl groups which may
contain poiar substituents. To this end, the
phosphides can be reacted with a monohalo com-
pound of the generai formula X-R-PR:;R:7.

The present patent appiication further relates to
novei cataiyst compositions based upon

a) a palladium compound,

b) an anion of an acid with a pKa of less
than 8, and

¢) any one of the diphosphines prepared in
the manner described hereinbefore.

Finally, the present patent application relates to
the use of these novel catalyst compositions in the
preparation of polymers of carbon monoxide with
one or more olefinicaily unsaturated compounds,
as well as to the polymers thus prepared and
shaped objects consisting at least partly of these
polymers.

In the process of the invention, compounds of
the general formula R::R:isPM are prepared by
starting from compounds of the general formula
R13R14R15P. In the general formuiae, R. . is prefer-
ably an optionally polar-substituted phenyl group.
Especially preferred are compounds in which Rss
is a polar-sub-stituted phenyl group containing up
to three polar substituents. If the aryl groups Ria
has two or more polar substituents, these polar
substituents may be similar or different. Preference
is given to similar polar substituents. Eligible polar
substituents inciude dialkyl-amino groups. such as
dimethyl-amino groups and alkyl groups, such as
methoxy and tert.butoxy groups. The polar sub-
stituents present in the aryl groups R.« are prefer-
ably one or more alkoxy groups and more particu-
larly. one or more methoxy groups. Examples of
suitable polar-substituted aryi groups Ri. are 2-
methoxy-phenyl, 4-methoxy-phenyl, 2.6-dimethoxy-
phenyl, 2,4.6-trimethoxy-phenyl and 4-dimethyl-
amino-phenyl groups. Examples of suitable non-
polar-substituted aryi groups R:s are phenyl and 4-
trimethyl-silyl-phenyl groups.

In the general formula, Rys is preferably similar
to Ri3 or similar to Rs4, i.e. in the process of the
invention the starting material is preferably a
phosphine of the general formula (Ri3)2R+4P or
Ri13(R14)R2P. Group Rij, which is present in the
starting phosphine and optionally aiso in the ready
phosphine, is preferably a benzyl group or an allyl
group.

Phosphines of the general formula R:3(Rie)-
RzP, in which Ri; is a benzyl or an allyl group and
Ri4 is a polar-substituted phenyi group containing
up to three polar substituents, are novel com-
pounds.

The preparation of the phosphides according to
the invention is carried out by the reaction in liquid
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ammonia of an alkali metal M with a phosphine.
Alkali metals that can be used are lithium, potas-
sium and sodium. Preference is given to the use of
sodium as the alkali metal. It is preferred to empioy
about 2 mol of alkali metal par mol of phosphine to
be converted. The quantity of liquid ammonia may
vary within wide ranges. It is preferred to employ 1
to 125 ml and in particular 10 to 40 ml of liquid
ammonia per mmol of alkali metal. In view of the
fact that at atmospheric pressure liquid ammonia
boils at about -33° C, the process if carried out at
an atmospheric pressure, should be carried out
below -33° C. Preferably, the process is carried out
at temperature of from -100 to -35 C and in par-
ticular of from -80 to -35" C. If the process of the
invention is carried out under pressure, tempera-
tures above -33° C may be employed, if desired.

As was stated hereinbefore, the present patent
application also relates to novel catalyst composi-
tions for the preparation of polymers of carbon
monoxide with one or more olefinically unsaturated
compounds, which catalyst compositions are based
upon

a) a palladium compound,

b) an anion of an acid with a pKa of less
than 6, and

c) any one of the diphosphines prepared in
the manner described hersinbefore.

The palladium compound employed in the
catalyst compositions as component a) is prefer-
ably a palladium salt of a carboxylic acid and in
particular palladium acetate. The component b)
used in the catalyst compositions is preferably an
anion of an acid with a pKa of less than 4
(determined in aqueous solution at 18" C) and in
particular an anion of an acid with a pKa of less
than 2. More specifically preferred is an anion of a
sulphonic acid, such as para-tofuenesulphonic acid
or an anion of a carboxylic acid, such as trifluoro
acetic acid. Component b) can be incorporated in
the catalyst compositions in the form of an acid
and/or in the form of a salt. Eligible salts include
non-noble transition metal salts, such as copper
salts. The component c) that is preferably used in
the catalyst compositions is a diphosphine in which
the bivalent bridging group R is a -{CHz)s- group. If
desired, components a) and b) can be used com-
bined in a single compound. An example of such a
compound is the complex Pd(CH3CN)2(038-CgHe-
CHas)2, which can be prepared by the reaction of
palladium chloride with the silver salt of para-
toluenesulphonic acid in acetonitrile as the solvent.
In addition to components a), b) and c¢), the catalyst
compositions may also include promoters. For this
purpose, a 1,4-quinone and in particular a 1,4-
naphthoquinone, is used by preference.

Eligible olefinically unsaturated compounds
which can be polymerized with carbon monoxide
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by using the catalyst compositions described
hereinbefore are both compounds which consist
exclusively of carbon and hydrogen and com-
pounds which, in addition to carbon and hydrogen,
comprise one or more hetero atoms. Preference is
given to the preparation of polymers of carbon
monoxide with one or more olefinically unsaturated
hydrocarbons. Examples of suitable hydrocarbon
monomers are ethene and other «-olefins, such as
propene, butene-1, hexene-1 and octene-1. The
catalyst compositions of the invention are particu-
larly suited to be used for the preparation of
copolymers of carbon monoxide with ethene and
for the preparation of terpolymers of carbon mon-
oxide with ethene and another olefinically unsatu-
rated hydrocarbon, such as propene. The poly-
merization is preferably carried out at a tempera-
ture of 20-200° C and a pressure of 1-200 bar and
in particular at a temperature of 30-150°C and a
pressure of 20-100 bar. The polymerization is typi-
cally carried out by contacting the monomers with
a solution of the catalyst composition in an organic
liquid in which the polymers are insoluble. If de-
sired, the polymerization may be carried out in the
gaseous phase.

The invention is now illustrated with the aid of
the following examples.

Example 1

Sodium diphenyl phosphide was prepared as
follows. To 100 ml of liquid ammonia present in a
mechanically stirred reaction vessel which was kept
at -78° C by cooling, were successively added 8
mmol of sodium and 4 mmol of benzyl-diphenyl
phosphine. After 4 hours, 4 mmol of ammonium
chloride was added to the reaction mixture. After
15 minutes the ammonia was evaporated away.
Analysis of the residue obtained showed that 97%
of the benzyl-diphenyi phosphine had been con-
verted into sodium diphenyl phosphide.

Example 2

Sodium  di(4-trimethyl-silyl-phenyl) phosphide
was prepared substantially in the same way as the
sodium diphenyl phosphide of Example 1. except
that instead of benzyl-diphenyl phosphine, benzyl-
di(4-trimethyl-silyl-phenyl) phosphine was used.
The benzyi-di(4-trimethyl-silyl-phenyl) phosphine
was found to have been converted into sodium di-
(4-trimethyl-silyl-phenyl) phosphide quantitatively.
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Example 3

Sodium di(2-methoxy-phenyl) phosphide was
prepared substantially in the same way as the
sodium dipheny! phosphide of Example 1, except
that instead of benzyi-diphenyl phosphine, benzyl-
di(2-methoxy-phenyl) phosphine was used. Of the
benzyl-di(2-methoxy-phenyl) phosphine, 89% was
found to have been converted into sodium di(2-
methoxy-phenyi) phosphide.

Example 4

Sodium di{4-methoxy-phenyl) phosphide was
prepared substantiaily in the same way as the
sodium diphenyl phosphide of Example 1, except
that instead of benzyl-diphenyl phosphine, benzyi-
di(4-methoxy-phenyl} phosphine was used. Of the
benzyl-di(4-methoxy-phenyl) phosphine, 95% was
found to have been converted into sodium di(4-
methoxy-phenyl) phosphide.

Example 5

Sodium di{4-methoxy-phenyl) phosphide was
prepared substantially in the same way as the
sodium diphenyl phosphide of Example 1, except
that instead of benzyl-diphenyi phosphine, allyl-di-
(4-methoxy-phenyl) phosphine was used. Of the
allyl-di{4-methoxy-phenyl) phosphine, 99% was
found to have been converted into sodium di(4-
methoxy-phenyl) phosphide.

Example 6

Sodium di(4-dimethyl-amino-phenyl) phosphide
was prepared substantially in the same way as the
sodium diphenyl phosphide of Example 1, except
that instead of benzyl-diphenyl phosphine, benzyi-
di(4-dimethyl-amino-phenyl) phosphine was used.
Of the benzyl-di(4-dimethyl-amino-phenyl)
phosphine, 14% was found to have been converted
into sodium di(4-dimethyl-amino-phenyl)
phosphide.

Example 7

Sodium  di(2,6-dimethoxy-phenyl) phosphide
was prepared substantially in the same way as the
sodium diphenyl phosphide of Example 1, except
that instead of benzyl-diphenyl phosphine, benzyi-
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di(2,6-dimethoxy-phenyl) phosphine was used. Of
the benzyi-di(2.8-dimethoxy-phenyl) phosphine,
98% was found to have been converted into so-
dium di(2,6-dimethoxy-phenyl) phosphide.

Example 8

Sodium di(2.4.6-trimethoxy-phenyl) phosphide
was prepared substantially in the same way as the
sodium diphenyl phosphide of Example 1. except
that instead of benzyl-diphenyl phosphine, benzyl-
di(2.4,6-trimethoxy-phenyi} phosphine was used. Of
the benzyi-di(2.4.6-trimethoxy-phenyl) phosphins,
89% was found to have been converted into so-
dium di(2,4.6-trimethoxy-phenyl) phosphide.

Example 9

Sodium phenyl-benzyl phosphide was pre-
pared substantially in the same way as the sodium
diphenyi phosphide of Example 1, except that in-
stead of benzyl-diphenyl phosphine, phenyl-diben-
zyl phos-phine was used. Of the phenyi-dibenzyi
phosphine, 88% was found to have been converted
into sodium phenyl-benzyl phosphide.

Exampie 10

Sodium di(4-methoxy-phenyl) phosphide was
prepared substantially in the same way as the
sodium diphenyl phosphide of Example 1, except
that instead of benzyi-diphenyl phosphine, tri(4-
methoxy-phenyl) phosphine was used. Of the tri(4-
methoxy-phenyl) phosphine, 2% was found to have
been converted into sodium di(4-methoxy-phenyi)
phosphide.

Example 11

Example 1 was substantially repeated, except
that instead of benzyi-diphenyl phosphine, tri(4-
dimethyl-amino-pheny!) phosphine was used. It ap-
peared that no conversion of tri(4-dimethyl-amino-
phenyl) phosphine into sodium di(4-dimethyi-
amino-phenyl) phosphide had taken place.

Example 12

Sodium  di(2,6-dimethoxy-phenyl) phosphide
was prepared substantially in the same way as the
sodium diphenyl phosphide of Example 1, except
that instead of benzyl-diphenyl phosphine, tri(2,6-
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dimethoxy-phenyl) phosphine was used. Of the tri-
(2,6-trimethoxy-phenyl) phosphine, 20% was found
to have been converted into sodium di(2,6-
dimethoxy-phenyl) phosphide.

Example 13

Example 1 was substantially repeated, except
that instead of benzyl-diphenyl phosphine, tri(2,4,6~
trimethoxy-phenyl) phosphine was used. It ap-
peared that no conversion of ri(2,4,6-trimethoxy-
phenyl) phosphine into sodium di(2,4,6-trimethoxy-
phenyl) phosphide had taken place.

Examgle 1&

Example 1 was substantially repeated, except
that instead of benzyl-diphenyl phosphine, tribenzyl
phosphine was used. It appeared that no conver-
sion of tribenzyl phosphine into sodium dibenzyl
phosphide had taken place.

Example 15

1,3-bis[di(2,6-dimethoxy-phenyl)phosphino]

propane was prepared as follows. To 250 mi of
liguid ammonia present in a mechanically stirred
reaction vessel which was kept at -78° C by cool-
ing, were successively added 22 mmol of sodium
and 10.8 mmol of benzyl-di(2,6-dimethoxy-phenyl)
phosphine. After 3 hours, 10.8 mmol of ammonium
chloride was added to the reaction mixture. The
mixture was successively heated, refluxed for 10
min and cooled to -78° C. After 5.4 mmol of 1,3-
dichloro propane and 200 ml of tetrahydrofuran had
been added to the reaction mixture, ammonia was
evaporated away. Next, water and dichioro meth-
ane were added to the residue and the organic
layer was separated, dried and filtered. Removal of
the solvent afforded 2.7 g of 1,3-[di(2,6~-dimethoxy-
phenyl)phosphino] propane.

Example 16

Sodium phenyl tetrahydrofurfuryl phosphide
was prepared in substantially the same way as
sodium diphenyl phosphide was prepared in exam-
ple 1, the difference being that benzy!l phenyl
tetrahydrofurfuryl phosphine was employed in lieu
of benzyl diphenyl phosphine. Conversion was
98%.
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Example 17

Sodium phenyl-2-methoxyethyl phosphide was
prepared in substantially the same way as sodium
dipheny! phosphide was prepared in example 1,
the difference being that benzyl phenyl-2-methoxy
ethyl phosphine was employed in lieu of benzyl
diphenyl phosphine. Conversion into sodium
phenyl-2-methoxyethyl phosphide was 91%. The
phosphides prepared in examples 16 and 17 are
novel compounds.

Of Examples 1-15, Examples 1-8 and 15 are
examples according to the invention. In Examples
1-8, phosphides of the generai formula (R14)2PNa
were prepared by the reaction in liquid ammonia of
sodium with a phosphine of the general formula
Ri3(R12)RzP. In Example 9, a phosphide
R13Ri1ePNa was prepared in this way from a
phosphine (Ri3)2R:14P. Example 15 concerns the
preparation of a diphosphine of the general formula
(R14)2P-(CH2)3-P(R14)2 by the reaction of a
phosphide of the general formula (Ri4)2PNa pre-
pared with 1,3-dichloro propane, according to the
invention. Examples 10-14 are ouiside the scope of
the invention. They have been included in the
patent application for comparison. In these exam-
ples attempts were made to prepare phosphides
by the conventional route, by the reaction in liquid
ammonia of sodium with a phosphine in which the
groups that are linked to phosphorus are similar to
one another.

The advantages which the process according
to the invention has over the conventional route
become apparent upon comparison of the following
Examples as regards thier percentage conversions
into desired phosphides obtained:

Examples 4 and 5 (95 and 99%, respectively) with
Example 10 (2%),

Example 6 (14%) with Example 11 (0%),

Example 7 (99%) with Example 12 (20%),

Example 8 (89%) with Example 13 (0%).

The surprising element of the process accord-
ing to the invention becomes quite clear when the
results of Examples 8, 13 and 14 are compared.
Whereas fribenzyl phosphine and ri(2,4.6-
trimethoxy-phenyl) phosphine do not split up into
phosphide when treated with sedium in liquid am-
monia, benzyi-di(2,4,6-trimethoxy-phenyl)
phosphine is converted into the desired phosphide
to an extent of 89%.

The phosphines Ri3(Ris)2P which were used
as starting materials in Examples 2-8,
benzyl-di(4-trimethyl-silyi-phenyl) phosphine,
benzyl-di(2-methoxy-phenyl) phosphine,
benzyl-di(4-methoxy-phenyl) phosphine,
allyl-di(4-methoxy-phenyl) phosphine,
benzyi-di(4-dimethyl-amino-phenyl) phosphine,
benzyl-di(2,6-dimethoxy-phenyl) phosphine and
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benzyl-di(2,4.6-trimethoxy-phenyl) phosphine,

are novel compounds. They can be prepared by
known methods of preparing related phosphines,
for instance by the reaction of a compound
R+3PCl2 with either a compound Ris magnesium
bromide, or a compound R:a lithium. The
phosphides prepared according to Examples 2, 8
and 9 viz. sodium di(4-trimethyi-silyl-phenyl)
phosphide, sodium  di(2,4,6-trimethoxy-phenyl)
phosphide and sodium benzyl-phenyl phosphide.
are also novel compounds.

Claims

1. Process for the preparation of phosphides,
characterized in that phosphides of the general
formula R+4RisPM are prepared by the reaction in
liquid ammonia of an alkali metal M with a
phosphine of the general formula Ri3R14R1sP, in
which general formulae R13 represents a hydrocar-
byl group which may or may not be\substitutgd
with polar groups and contains a _C = C\
group which is linked to the phosphorus atom via
only one aliphatic carbon atom, Ri. is an aryl
group which may or may not be substituted with
polar groups and Ris represents a hydrocarby!
graup which may or may not be substituted with
pol\ar groups, with the proviso that if R+s contains a

C = C\ group which is linked to the phos-
pharus atom via only one aliphatic carbon atom,
Ris and R.3 are similar to one another.

2. Process as claimed in claim 1, characterized
in that R:e is a polar-substituted phenyl group
containing one, two or three polar-substituents.

3. Process as claimed in claim 1 or 2, char-
acterized in that Ris contains one or more alkoxy
groups, such as methoxy groups.

4. Process as claimed in one or more of claims
1-3, characterized in that the starting material is a
phosphine of the general formula (Ri3)2R+4P or
R1a(R12)2P, in which Ri3 is a benzyl or allyl group.

5. Process as claimed in one or more of claims
1-4, characterized in that the alkali metal M used is
sodium.

6. Process for the preparation of diphosphines,
characterized in that a phosphide as defined in
claim 1 is reacted either with a compound of the
general formula X-R-X, or with a compound of the
general formula X-R-P-R:sR+7, in which generai
formulae X represents chiorine of bromine, R is a
bivalent bridging group containing at least two car-
bon atoms in the bridge and Ris and Ri7 represent
similar of different hydrocarbyl groups which may
comprise polar substituents.

7. Novel catalyst compositions, characterized in
that they are based upon

a) a pailadium compound,
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b) an anion of an acid with a pKa of less
than 6. and

c) a diphosphine which has been prepared
as claimed in ctaim 6.

8. Catalyst compositions as claimed in claim 7,
characterized in that they are based upon

a) a palladium salt of a carboxylic acid, such
as palladium acetate,

b) an anion of a sulphonic acid, such as
para-toluenesulphonic acid, or of a carboxylic acid.
such as trifluoro acetic acid.

¢) a tetrathydrocarbyl) diphosphine in which
the bivalent bridging group R is a -(CH:z)s group,
and

d) optionally, a promoter, such as a 1.4-
quinone.

9. Process for the preparation of polymers,
characterized in that a mixture of carbon monoxide
with one or more olefinically unsaturated com-
pounds is polymerized by using a catalyst com-
position as claimed in claim 7 or 8.

10. Novel phosphines of the general formula
R13(R14)2P, wherein R.3 is a benzyl or ally! group
and Ris is a polar-substituted phenyl group con-
taining up to three polar substituents, including but
not limited to benzyl-di(2-methoxy-phenyl)
phosphine, benzyl-di(4-methoxy-phenyi) phosphine,
allyl-di(4-methoxy-phenyl) phosphine, benzyl-di-
(2,6-dimethoxy-phenyl) phosphine, benzyl-di(2,4,6-
trimethoxy-phenyl) phosphine, benzyi-di(4-
dimethyl-amino-phenyl) phosphine and as novel
phosphine, benzyi-di(4-trimethyi-silyl-phenyi)
phosphine, and as novel phosphides, sodium di(4-
trimethyl-silyl-phenyl) phosphide, sodium di(2,4.6-
trimethoxy-phenyl) phosphide, secdium benzyi-phe-
nyl phosphide, sodium phenyl-2-methoxyethyi-
phosphide. sodium phenyl-tetrahydrofurfuryi
phosphide.
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